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摘要 
近年来，随着锂离子电池制造工艺和市场的日益成熟，其应用范围也逐渐向
大型储能系统拓展。为实现高性能锂离子电池储能装置，研发比容量高、使用寿
命长和倍率性能优异的电极材料是目前的一项重要课题。金属有机框架（MOFs）
具有金属离子和有机配体两个氧化还原反应活性中心，使其在锂离子电池领域中
具有潜在的应用前景。MOFs 材料是由金属离子和桥连有机配体组成的一类新型
的多孔材料，目前其应用主要涉及到包括气体储存、分离、药物输送和传感器等
多个领域。本文对 MOFs 材料 Co3(HCOO)6 与还原氧化石墨烯（rGO）复合的
Co3(HCOO)6@rGO 材料、以 Co3(HCOO)6@rGO 为前驱体制备的 Co3O4 与还原氧
化石墨烯复合的 Co3O4@rGO 材料在锂离子电池负极中的应用开展研究，主要内
容如下： 
1、使用溶液扩散法分别制备了 Co3(HCOO)6@rGO 复合材料和 Co3(HCOO)6
材料，对两种材料进行形貌和结构表征，并将它们作为锂离子电池负极材料测试
两者的电池性能，结果显示 Co3(HCOO)6@rGO 相比 Co3(HCOO)6 材料具有更高
的比容量和更好的倍率性能，Co3(HCOO)6@rGO 具有潜在的应用价值； 
2、为探究 Co3(HCOO)6@rGO 和 Co3(HCOO)6 材料在性能上出现巨大差异的
原因，我们进一步探究这两种材料的充放电机理。采用电子显微技术、谱学技术
和电化学测试技术检测 Co3(HCOO)6@rGO 和 Co3(HCOO)6 材料在充放电过程中
的形貌、结构和组分变化，实验结果表明，Co3(HCOO)6 在充放电过程中结构坍
塌，Co3(HCOO)6@rGO 材料上的 Co2+和甲酸根在充放电过程中均发生可逆的电
化学反应，而 Co3(HCOO)6 材料仅有 Co2+发生转化反应，rGO 起到活化甲酸根离
子电化学反应和提高材料倍率性能的作用； 
3、以 Co3(HCOO)6@rGO 和 Co3(HCOO)6 材料为前驱体，在 350℃下空气气
氛中氧化分解制备 rGO 负载 Co3O4 复合材料 Co3O4@rGO 和 Co3O4材料，对两种
材料进行形貌和结构表征，并将它们作为锂离子电池负极材料测试两者的电池性
能。研究结果表明，高比表面积的 Co3O4@rGO 上的 Co3O4 颗粒分散性好，rGO
能够抑制和缓冲 Co3O4充放电过程中的体积膨胀并提高材料的导电性，改善转化
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反应的可逆性，从而使得 Co3O4@rGO 相比 Co3O4 具有更好的循环稳定性和倍率
性能。 
 
 
关键词：Co3(HCOO)6@rGO；Co3O4@rGO；还原氧化石墨烯；锂离子电池；负极
材料
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Abstract 
In recent years, with the growing maturity of the lithium-ion battery manufacturing 
process and the market, its application has gradually expanded to large-scale energy 
storage system. In order to realize high-performance lithium-ion battery, it is important 
to develop electrode material with high specific capacity, long cycle life and excellent 
rate performance at present. The metal ions and organic ligands of Metal-organic 
frameworks (MOFs) can serve as redox active centers, which make it possible be 
applied in the field of lithium-ion batteries. MOFs as a new kind of porous material, 
consisting of metal ions and organic ligands, has been applying in a variety of fields 
including gas storage, separation, drug delivery and sensing device. This paper focuses 
on the capacity of MOFs material Co3(HCOO)6 - reduced graphene oxide (rGO) 
composite Co3(HCOO)6@rGO and Co3O4-rGO composite Co3O4@rGO derived from 
Co3(HCOO)6@rGO serving as the anode of lithium ion battery. The main content are 
listed as follows： 
1. Co3(HCOO)6@rGO composite was synthesized by in situ loading of 
Co3(HCOO)6 on rGO (reduced oxide graphene) through a solution chemistry method, 
and Co3(HCOO)6 was prepared through the same method. After the characterization of 
morphology and structure of Co3(HCOO)6@rGO and Co3(HCOO)6 materials, they 
were used as negative materials of lithium-ion batteries to study their battery 
performances, the results show that Co3(HCOO)6@rGO performed higher specific 
capacity and better rate performance than Co3(HCOO)6, Co3(HCOO)6@rGO shows 
potential application value. 
2. To reveal the origin of the significant differences in the performance of 
Co3(HCOO)6@rGO and Co3(HCOO)6 materials, we further explore the 
electrochemical reaction mechanism of these two materials. The morphology, structure 
and composition of Co3(HCOO)6@rGO and Co3(HCOO)6 materials during the charge-
discharge process were investigated by electron microscopy, spectroscopy and 
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electrochemical technologies. The results show that during the charge and discharge 
process, the structure of Co3(HCOO)6 collapsed, and both the Co2+ and formate ion in 
Co3(HCOO)6@rGO carry out reversible electrochemical reactions, while only Co2+ in 
Co3(HCOO)6 material carry out a conversion reaction. It was found that rGO can 
activate the electrochemical reaction of formate ion, as well as improve the 
Co3(HCOO)6 rate performance. 
3. The rGO supported Co3O4 composites (Co3O4@rGO) and Co3O4 were prepared 
by oxidative decomposition of Co3(HCOO)6@rGO and Co3(HCOO)6 materials as 
precursors at 350℃ in an air atmosphere. After the characterization of morphology and 
structure of Co3O4@rGO and Co3O4 materials, they were used as negative materials of 
lithium-ion batteries to study their battery performances. The results show that the 
Co3O4 particles on the Co3O4@rGO have good dispersibility, while rGO can buffer the 
volume expansion of Co3O4 during the charge-discharge process and improve the 
conductivity of the composite material, all of which can improve the reversibility of the 
conversion reaction,  so that Co3O4@rGO performs better in cycle stability and rate 
performance than Co3O4. 
 
 
Keywords ： Co3(HCOO)6@rGO; Co3O4@rGO; rGO; lithium ion battery; anode 
materials 
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